ABSTRACT
INTRODUCTION
Forests are bioindicators of environmental quality, particularly as regards atmospheric pollutants and climate changes. The high interannual variability of climate parameters means that forests used as biondicators must be regularly monitored over extended time periods (Innes 1998) . In addition, because of the complexity of the mechanisms affecting the interaction between pollutants and trees, any assessment of the impact of pollution on forest ecosystems must involve a variety of environmental compartments: air, biota, water and soil. The movement of water (precipitation, runoff, soil solution, etc.) through the compartments of the ecosystem is of prime concern in the study of nutrient cycles and for quantitative measurements of fluxes at catchment scale (Likens 2001) . Particularly in remote areas, atmospheric deposition loads, along with mineral weathering in the soil, are the main sources of nutrients and pollutants. An ecosystem with a high degree of ecological integrity is able to maintain and recycle nutrients through the decomposition and mineralisation of organic detritus. A long-term exposure to atmospheric contamination could affect the nutrient cycle, reducing the decomposition processes and the uptake of nutrients (Aber et al. 1989 ).
The alteration of nitrogen and sulphur cycles leads to acidification processes with the leaching of acidifying compounds (nitrate and sulphate) and the mobilization of toxic species such as aluminium (De Vries & Breeuwsma 1987; Smith 1990) .
Since 1987, the Water Research Insitute and the Regional Forest Board have been working together to establish a monitoring network in Lombardy for the evaluation of the relationships between atmospheric deposition and forest ecosystem responses. In particular our investigations were focused on high elevation catchments, especially sensitive to environmental perturbations due to high levels of precipitation, acid soils, and rapid hydrological flushing during runoff (Balestrini & Tagliaferri 2001) . Separate, interdisciplinary European projects (Azienda Regionale delle Foreste 1996 Foreste , 1998 provided the framework for setting up innovative study methods. Exposed natural surfaces, such as vegetation and water, were used for determining dry deposition rates at a number of sites in the alpine and prealpine area. Additional research is currently being performed in Val Masino (SO) aimed at furthering our understanding of the effectiveness of the biological compartment in modifying the atmospheric element fluxes, and to investigate the role of nitrogen both as an acidifying element and as a nutrient. To estimate an input-output budget for the catchment, monitoring was extended to stream water and soil solution.
This paper reviews the main results of a five year research, and provides a general picture of the state of forest health over a wide area and focuses on some more detailed investigations described as case studies.
MATERIAL AND METHODS

Monitoring network
Since 1990, the Regional Forestry Board has been carrying out Level I forest condition monitoring on public forests in Lombardy, on 60 plots belonging to the regional 2×2 km grid. This monitoring activity included crown condition assessment based on defoliation and discoloration, and a basic survey of the forest soil condition. In 1995 it was decided to extend the research to other ecosystem components (foliage, atmospheric depositions, air quality) and to refine the spatial variability of the sampling, leading to a new integrated survey system which included both Level I and Level II areas for extensive and intensive monitoring. At present, the monitoring system in Lombardy adheres closely to international protocols (ICP-Forest manuals) and is based on a pyramidal structure in which, as the number of analyses increases, the number of survey areas decreases. Monitoring is performed in 122 Level I permanent plots, 5 Level II plots and 1 Level III plot. The specific investigations required at each level are listed in table 1.
Tree monitoring
The tree survey was carried out in a regional area defined by 8 catchments (Fig. 1 and Tab. 2). The most common forest species of the Lombardy Region, Ostrya carpinifolia Scop., Fagus sylvatica L., Quercus robur L., Larix decidua Mill., Picea abies Karst., Pinus silvestris L., were sampled.
The assessment of the trees was based on four components: the whole crown, the foliage, the ramification system and the stem; each indicator of tree condition was observed, described and quantified in relation to its nature, extent and any causal agents (Tab. 3). A quality control programme comprising learning, training, inter- 
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calibration and control phases was implemented during each annual campaign. Further details are given in the ESPERIME report (Azienda Regionale delle Foreste 1998).
Monitoring of atmospheric input
Atmospheric deposition samples were collected at six sampling stations in the Region of Lombardy, chosen to represent the various geographical conditions and expected pollution levels of the area (Fig. 1) . The topographical and geological characteristics of the sampling sites are shown in table 4. The sites are described in detail in Balestrini et al. (2000) and in Balestrini & Tagliaferri (2001) .
Wet and dry atmospheric depositions were collected by automated samplers (MTX Italia, Quarto Inferiore, Bologna) incorporating modified dry deposition sampling devices, called DAS (dry Deposition on Aqueous Surface), which use water as the collecting surface. For a detailed description of the sampler see Tartari et al. (1995) .
Samples were collected at Morbegno and Longone over three years, from July 1995 to June 1998. Sampling in Castione and Tignale was from July 1995 to June 1997. Wet and dry deposition sampling at Val Masino began in April 1997 and ended in November 1999, with interruptions during the winter snow period, generally from November to April. Wet samples were collected weekly, dry samples every two weeks.
Rainfall and throughfall were collected at the Val Masino and Val Gerola sites from June 1994 to May 1999; at the Val Masino site the monitoring is still going on.
From June 1994 to May 1996 each throughfall study area was a 50×50 m 2 plot where 15 throughfall polyethylene samplers (9 cm diameter) were placed 10-15 m from each other, avoiding clearings and tracks. To harmonise our methods with international procedures (ICPForest 1998), in June 1996 we reduced the number of throughfall samplers to 9 and located them systematically inside a 30×30 m 2 subplot. Each new collector is composed of an 18 cm polyethylene funnel fitted on a 5 l polyethylene bucket. Bulk precipitation was collected by a 33.5 cm polyethylene funnel fitted on a 15 l polyethylene bucket installed in a clearing near each throughfall site. Both bulk precipitation and throughfall 
Monitoring of stream water
Stream water samples were collected in the central section of the catchment at the Val Masino site, from May 1997 to the present. Samples were collected about weekly from the onset of snowpack runoff to September and about monthly for the remainder of the year, except during the December-April period when the stream was frozen. The depth of the water is measured by a hydrometric gauge placed at the sampling site.
A dilution tracer method was used to measure the discharge of the river Masino. In shallow rocky streams or rough channels carrying highly turbulent flows, the dilution technique provides an alternative to the mechanical method, as it can minimise the difficulties linked to the river bed morphology and flow features (White 1978; Elder & Kattelmann 1990) . The flow was measured under four different hydrological conditions within a 30-80 cm range of water depth. The results made it possible to describe the water depth-discharge relationship, used to estimate the discharge for any measured value of water depth.
Analytical procedures
Aliquots of water samples, including those containing dry depositions, were analysed for the following variables: pH, conductivity, alkalinity, nitrate, chloride, sulphate, ammonium, calcium, magnesium, sodium, potassium, total nitrogen, total phosphorous. Analytical methods and equipment used are reported in table 5. For detailed descriptions of the analytical procedures see Balestrini et al. (2000) .
RESULTS AND DISCUSSION
Tree condition
The results are shown using the usual categorical system based on injury classes. Each class is defined by crown transparency, assessed in 5% steps and grouped into 5 classes: none, slight, moderate, severe, dead. Injuries were classified according to their dependence on known or unknown agents. This last category included all damage which was not due to evident causes observable during the sampling; these were therefore injuries produced by various environmental stresses. Table 6 describes the condition of trees in Lombardy assessed during 1999. The total injury (TI), obtained by summing up all the injury classes (1+2+3+4), and the apparent injury (AI), obtained by summing up the three upper classes (2+3+4), are indicated for each species. Each class is defined by the explained plus unexplained crown transparency.
More than 80% of the monitored trees were classified in classes 1 to 4, with 43.6% included in classes 2-4. Quercus robur was the forest species characterised by the highest percentage of both AI (68%) and TI (96.3%) followed by Fagus sylvatica. Larix decidua showed the smallest percentage of damage. During 1999, 16% of the trees exhibited damage symptoms due to known agents, while 69.7% of the trees showed unexplained injuries, with 33.2% of these affected by moderate/severe damage (classes 2+3+4). From a geographic point of view, the results of the 1999 monitoring indicated that there was no injury due to known agents in the Valtellina catchments, while in contrast the highest percentages of unexplained injury were measured in the eastern basins of lakes Garda and Idro. Figure 2 shows the annual trend of total injury and apparent injury for each monitored species. The total transparency (explained plus unexplained) assessed for L. decidua and A. abies showed a gradually increasing trend from 1995 to 1999, while a reduction of damage was seen in F. sylvatica and O. carpinifolia during the last year of monitoring. The trend for P. sylvestris and Q. robur was variable. In most cases, the observed transparency could not be explained by known agents. The total transparency level assessed for O. carpinifolia was wholly due to unknown causes. The contribution of explained transparency was of importance only for P. sylvestris in 1999 and for Q. robur in 1995 and 1996.
The total unexplained transparency levels assessed during 1995-1999 in each forest catchment are shown in figure 3 . The increasing trend of damage in the whole regional area is clear, and is particularly high for A1 and A6 (Lake Maggiore-River Ticino and Val CamonicaRiver Oglio). The exceptions were catchments A3 and A4 (Lake Como -Val Chiavenna and Valtellina Valley) where the tree conditions did not appear to change. Altitude was the only geographical feature showing a relationship with the unexplained transparency. The areas of medium elevation were characterised by a higher transparency class, in particular altitudes of 400-500 m a.s.l for O. carpinifolia, 500-600 m a.s.l. for F. sylvatica, P. abies and P. sylvestris, and 600-700 m a.s.l. for O. carpinifolia. This result could be related to the recent findings on ozone height distribution in Lombardy, which showed higher concentrations in the prealpine area (Regione Lombardia & Fondazione Lombardia Ambiente 2000) . Tab. 6. Injury classes for species during 1999. AI = apparent injury, TI = total injury. R. Balestrini et al. 122 
Open field and throughfall deposition chemistry: a comparison between Val Masino and Val Gerola
As part of an interdisciplinary project (BallarinDenti et al. 1998) aimed at evaluating the interactions between environmental stress and forest decline in Lombardy, we investigated the throughfall chemistry of two forest stands (Val Masino and Val Gerola) known to have different levels of damage.
The study areas, Val Masino and Val Gerola, are situated in two lateral valleys on the north and south sides of the main valley, Valtellina (SO) (Fig. 1) . Although they are at a short distance (about 20 km) from each other, the morphology of the areas is different: the Val Masino site, on the north side, is located in a typical glacial valley surrounded by an amphitheatre of mountains rising to 3500 metres; Val Gerola, on the south side, is in a fluvial valley characterised by steep slopes and 2500 metre peaks. Since 1994, tree condition has been assessed by observing the whole crown, the foliage, the ramification system and the stem. Symptoms of defoliation and yellowing are more frequent at Val Gerola than at Val Masino, where the trees have a healthier appearance (Azienda Regionale delle Foreste 1998). Air quality (O 3 , NO x , SO x , VOC) was monitored during four summer seasons (1994-1997) using automatic and passive sampling devices (Gerosa et al. 1999) . Measured values were comparable to those reported for unpolluted sites, with the exception of ozone, which showed different ambient concentrations at the two sites: at Val Gerola only, the measured levels were often above the phytotoxicity threshold.
Precipitation and throughfall chemistry data were used to compare these two forest stands, with an evaluation of the filtering capacity of the canopies for dry deposition and the extent of foliar leaching. The significance of the variations between ion concentrations in bulk precipitation and throughfall, tested using the Sign test, was high (p <0.0001) for all the chemicals analysed with the exception of H + , at Val Gerola, and N-NH 4 + , at Val Masino. These results demonstrate the high degree of filtering effected by spruce canopies, leading to an ionic enrichment of 48% and 36% in the throughfall of Val Gerola and Val Masino, respectively. The K + enrichment was the highest, with a 19-fold increase at Val Masino and a 27-fold increase at Val Gerola. Ca 2+ and Mg 2+ also showed a 2-3 fold increment in throughfall at both sites. SO 4 2-concentration in throughfall was 27 and 14% higher than in the bulk, at Val Gerola and Val Masino, respectively. N-NO 3 -was almost double at Val Gerola, where it was the predominant anion; at Val Masino it was slightly above (26%). N-NH 4 + concentration decreased in throughfall by about 25-29% at both stations, along with H + , which showed a reduction of 10% and 40% at Val Gerola and Val Masino respectively. Table 8 shows the bulk and throughfall fluxes measured during the study period at the two sites. The interannual variations were generally relatively small and related to the amount of precipitation. The measured bulk deposition fluxes of SO 4 2-were close to the central values of the range reported for Italian forest sites in the national network CONECOFOR (Mosello et al. 1999) . Reduced nitrogen deposition in our area was similar to the higher values of the reported range. In general, on the basis of the results of a survey of 65 European forests, the N loads measured in our sites are intermediate for N deposition level (10-25 kg ha -1 y -1 ). At this level symptoms of N saturation could occur (Dise & Wright 1995) . The canopy budget model, developed by Ulrich (1983) , was applied to estimate leaching and the contribution of dry deposition in throughfall fluxes at the study sites (Balestrini et al. 2001) . It is worth noting that, in this model, the fraction of compounds not collected by the bulk sampler is indicated as "dry deposition". At Val Gerola the contributions of N-NO 3 -and SO 4 2-dry flux to the total deposition were 32% and 4%, respectively. The dry deposition of (H + + N-NH 4 + ) to the total deposition accounted for 24% of the bulk deposition. Regarding the base cations, the dry contribution from K + and Mg 2+ was negligible, while it was 15% for Ca 2+ . At Val Masino the contribution of the dry component to the total deposition is not detectable by the model.
Tab. 7.
Since the dry deposition depends on meteorological parameters and on the features of the receiving surface, the observed differences could be ascribed to the morphological and meteoclimatic characteristics of the two studied areas. A detailed analysis of meteorological parameters carried out at the two valleys showed differences in wind speed and prevailing wind direction (Azienda Regionale delle Foreste 1998). The Val Gerola site, which is higher and has a more open valley, is more exposed to the air masses coming from the plain and the pre-alpine belt where urbanisation is greatest, whereas Val Masino is subject only to breezes of local origin or deriving from the Valtellina Valley bottom. A study on air quality in the same areas supports this hypothesis, with higher ozone levels measured in Val Gerola than in Val Masino. This difference was ascribed to the different orographic profiles, the different atmospheric circulation, and the presence of ozone transported from outside the valley and not only of local origin (Gerosa et al. 1999) .
Canopy leaching computed for Ca 2+ , K + , weak acids and Cl -was considerably higher in Val Gerola than in Val Masino; this indirectly suggests tree tissue damage. Natural factors such as tree age, as well as anthropogenic stress factors such as air pollution, can lead to a modification of the epicuticular wax structure of conifer needles and increase the leaching of nutrients. A study of the leaf alterations of one year-old Norway spruce needles from Val Gerola revealed injury symptoms, including pigmentation on the adaxial leaf surface. Optical and electron microscopy showed that the injury was associated with chlorophyll loss and deposits of calcium oxalate (Violini 1998 ; Azienda Regionale delle Foreste 1998). Some of the observed symptoms were similar to those described in literature for forest species exposed to high levels of ozone (Turunen & Huttunen 1990; Skelly et al. 1999) .
Wet and dry deposition fluxes in alpine and prealpine areas
The atmospheric deposition data available for Italy are not uniformly distributed throughout the whole territory and do not provide a firm basis for interpreting spatial variations, particularly in areas with complex orography. Furthermore, the available data on the dry deposition fraction are not sufficient for a correct evaluation of the extent of total atmospheric deposition.
The aims of the investigation reported here were to examine the chemical composition and to calculate the fluxes of wet and dry atmospheric deposition at five sites within a 140 × 70 km area of northern Italy. The area includes subalpine and alpine zones with extensive forested areas and is flanked by two major Italian lakes. Table 9 shows the percentages of dry deposition fluxes on the total at the study sites. The contribution of the dry component to the total deposition is considerable, particularly for acidifying compounds. The dry deposition of SO 4 2-accounted for 14-50% of the total deposition; the deposition of N-NO 3 -and N-NH 4 + were in the range 15-31% and 14-37% of the total, respectively. The lowest dry values were measured at Val Masino, which is a high site, not exposed to air masses rising from the main valley floor. Pluriannual studies on throughfall atmospheric deposition have documented the remoteness of this valley (Balestrini et al. 2001) . The contribution of dry flux SO 4 2-to the total deposition varied considerably between the stations, constituting half the total in Morbegno, 39% in Tignale, 33% in Longone and 25% in Castione. At Morbegno, a town of about 10,000 inhabitants at the beginning of the Valtellina Valley, the highest dry fluxes of SO 4 2-were measured in winter, suggesting that a local source of S is domestic heating systems, most of which use oil, though some use coal. Nitrate dry percentages are more homogeneous at these four stations, with a mean of 25.3 and a standard deviation of 3.5. Reduced nitrogen was the prevalent chemical form in both dry and wet depositions, comprising 58-63% and 56-72% respectively of total deposited inorganic nitrogen. The higher N-NH 4 + dry contributions found at Morbegno and Castione could be explained by agriculture, which is the main anthropic activity in these areas. Figure 4 shows the total deposition fluxes (wet plus dry) of potential acidity at the five study sites compared with fluxes recorded at Brugherio, an urban industrial site close to Milan (Tartari et al. 1995) . Milan is the largest urban area within the Po Valley. For this reason, comparison of our findings with those at Brugherio (10 km north-east of the centre of Milan and within the large industrial belt extending north and east of the city) can provide some indication of the effects of long-range pollution in the study area. For Val Masino, yearly fluxes were estimated from a bulk sampler over the period 1994-1999. The bulk fluxes at the latter site are probably representative of the total atmospheric fluxes there, since the contribution of gaseous and aerosol components is not very significant, as indicated by the relatively small dry loads recorded. Figure 4 suggests a relationship between pollutant loads and distance from Milan. Brugherio had the highest H + load, followed by Longone, about 50 km from Milan. Morbegno and Castione are both about 100 km from Milan, but Castione has a wetter climate and is more exposed to ammonia from agricultural activity. Tignale, at the eastern extremity of the study area, is distant from Milan (about 150 km), but influenced by two other large urban centres, Verona and Brescia, both about fifty kilometres away. Val Masino is, as noted, at high altitude, about 150 km from Milan and characterised by the lowest deposition rates. ) to the study sites.
Comparison of the total atmospheric fluxes with the critical loads of nitrogen and sulphur estimated for forest soils in Italy on a 50 km basis (Posch et al. 1997) indicates that the critical load for nitrogen has been exceeded at all stations. At three sites the maximum critical load (CLN) of nitrogen as an acidifier was exceeded by about 6 kg ha -1 y -1 at Longone and Tignale, and 2 kg ha -1 y -1 at Castione, while the maximum critical load for nitrogen as a nutrient was exceeded at all sites. This finding has important environmental implications, as more than 85% of the forest ecosystems in Lombardy are in alpine and subalpine areas. The co-occurence of acidification and nitrogen eutrophication in forest ecosystems increases the potential for damage. Acidification leads to increased leaching of basic cations from the soil, whereas increased nitrogen leads to imbalance of the nutrients P, K + , Ca 2+ and Mg 2+ , and increases the potential of attacks by parasites, diseases and insects Tab. 9. Total atmospheric deposition fluxes (meq m -2 y -1 ) and dry flux contributions (%) to the total (wet + dry). (Erisman et al. 1998) . These effects are likely to be particularly serious and worrying at Longone and Castione, where the nitrogen loads were about 4 times higher than the critical values, corresponding to an excess of 20.7 and 17.2 kg ha -1 y -1 respectively.
Input-output budget in Val Masino catchment
In trying to extend our understanding of the processes affecting the nitrogen and sulphur biogeochemical cycles, we focused many of our researches on the Val Masino area.
A catchment of interest was defined on a 1: 25,000-scale topographic map, and comprised the upper basin of the River Masino where the monitoring plots are located. The exact area of the catchment and the percentages of land cover surfaces (aquatic areas, rock, grazing ground and pasture, meadow, bog and marsh, urban area, coniferous forest, deciduous forest, mixed forest) were measured using a 1:10,000 scale geoenvironmental map (Tab. 10). The budget was calculated with atmospheric deposition as input and the streamwater load as output. The throughfall flux and the open field flux were ascribed respectively to the forested surface and to the rest of the catchment. The streamwater export is considered to be the only route of water and element loss at the Val Masino site.
The water flux measured in the catchment from August 1997 to July 1998 is given in table 11. The discrepancy between the evapotranspiration, calculated using the Turc formula (Turc 1954) , and the value obtained from the difference between precipitation and discharge is very small (21 mm), and might be the result of inaccurate discharge measurements, since the readings of water height were not continuous. Table 12 shows the input and output fluxes for the main chemical species. Normally, input and output fluxes of chloride are expected to balance over the long term, as this ion is relatively conservative and is not affected by biogeochemical processes. Although the data given here represent only one year of measurements, the chloride budget of the Val Masino catchment is quite well balanced: input exceeded output by only 13%. The small retention of chloride recorded may be due to an acceptable error in budget calculation, confirming the efficacy of the criteria applied to calculate the budget, and suggests that other water fluxes are insignificant. It is worth noting that significant retention of chloride has also been observed in some catchments in North America, Scandinavia and the UK (Reynolds et al. 1997; Forsius et al. 1995; Schindler 1986 ), so that it is possible that the retention observed in Val Masino is a real phenomenon.
SO 4 2-output exceeds the input from throughfall, indicating that the ecosystem currently acts as a source rather than a sink. Net sulphur losses have been reported for many forested catchments of Europe and North America (Rochelle et al. 1987; Hornbeck et al. 1997 , Feger et al. 1990 . Sulphur loss could be caused by inaccurate dry deposition measurements, weathering of Sbearing minerals, net mineralisation and desorption (Mitchell et al. 1992; Houle & Carignan 1995) . The dry sulphate deposition on the catchment appears to be low to account for the imbalance between input and output, and lithogenic sulphur sources can be disregarded, due to the siliceous nature of the geological substrate. The excess sulphate output from the catchment could be attributed to desorption of previously stored sulphate in the context of decreasing atmospheric S deposition in northern Italy (Mosello et al. 1999; Regione Lombardia 1999) .
As regards nitrogen compounds, ammonium was retained nearly completely, while 91% of nitrate was lost from the basin. The uptake of ammonium by vegetation reduced its atmospheric input by more than 45% even before its deposition on the soil. During transport to the stream, other processes, such as adsorption to the soil components and root and microbial uptake, further decreased the flux toward the stream water. The nitrate export measured in the catchment, 5 kg ha -1 y -1 , exceeds the leaching value reported for natural coniferous stands of 1 kg ha -1 y -1 (Gundersen & Rasmussen 1990) . The budget calculated for the inorganic nitrogen (as sum of N-NO 3 -and N-NH 4 + ) showed that 50% of the input was retained. This finding was in agreement with with the results of an estimate, based on more than 139 forest sites in Europe, which indicates that about half of the inorganic nitrogen in throughfall is lost to runoff, and the rest is stored in the catchment (Dise et al. 1998) .
The approach proposed by Traen & Stoddard (1995) was applied to evaluate the nitrogen saturation status of the Val Masino catchment. Figure 5 shows the nitrate monthly trend measured during 1997-2000. Nitrate concentration varied from 14 to 32 µeq l -1 with maximum values in April, during the snowmelt, and minimum values in August. Although variations of nitrate in the water are clearly controlled by seasonality, the basin is classified as stage 2, i.e. in which N availability exceeds the biological demand. The method applied assumes that nitrate in the stream water depends mainly on the biological and chemical processes occurring in the soil system, and neglects the importance of the prevailing flow pathways of water in different soils. In the case of a non-uniform soil structure, the runoff is mainly generated by a preferential flow through macropores that does not favour a long interaction between precipitation and soil matrix (Flury et al. 1994; Creed & Band 1998) . In this case, N-leaching is mainly related to the concentration of nitrate in precipitation and snowmelt rather than to the internal N-status of the soil. This might be the case in the Val Masino catchment, which is characterised by steep rocky slopes (20°) and a heterogeneous soil structure. Water residence and contact with the soil matrix may not be sufficient for the nitrate present in the runoff to be immobilised by the microbial community. Ongoing research on soil solution composition in the study area indicates a very low level of inorganic nitrogen compounds at 30 and 50 cm soil depth, suggesting an N-limitation condition of the catchment (Balestrini, unpublished data) .
CONCLUSIONS
The six year research carried out in Lombardy originated as an evaluation of the direct influence of rainwater on forest trees. The present evolution of this activity is largely in the direction of an ecosystemic evaluation of the factors controlling the driving mechanisms in different environmental compartments.
As regards our short-term objectives, we have succeeded in establishing methodologies both in tree condition assessment and wet and dry atmospheric deposition measurements. The latter application made it possible to compare total atmospheric loads (not only the wet component) with the critical loads, highlighting a condition of nitrogen exceedance which extended over the entire regional territory. This exceedance is of prime concern in the prealpine belt, which is more exposed to the Po Valley.
The promising results obtained for Val Masino and Val Gerola supported the identification of a potential link between environmental determinants of disturbance and forest health. However, further investigation is required at both sites to distinguish more clearly the roles of the different factors.
The ongoing activity at Val Masino, based on a catchment approach, promises to provide a better understanding of nutrient cycles in alpine forest ecosystems. The preliminary results indicate the importance of the chemical analysis of both soil water and stream water in evaluating the biological and chemical processes occurring in the basin.
The considerable amount of information collected so far has emphasised the complexity of the interactions between stress factors and the biological response of the forest ecosystem, but the time period covered is not yet long enough for trends to be detected and causal relationships identified.
Prospects for further studies may be:
Tab. 12. Total atmospheric input, streamflow output and budget (kg ha -1 y A p r -9 7 J u l-9 7 O c t -9 7 J a n -9 8 A p r -9 8 J u l-9 8 O c t -9 8 D e c -9 8 M a r -9 9 J u n -9 9 S e p -9 9 D e c -9 9 M a r -0 0 J u n - -long-term monitoring to detect the trends in chemical composition of atmospheric depositions in remote alpine areas, such as Val Masino; -comparison of the dry deposition rates estimated by net throughfall with those measured by the DAS collector at rural or suburban sites, where the dry contribution is considerable, to enhance our understanding of the role of trees in retaining gaseous pollutants/nutrients; -fine-tuning of the input-output budget by more precise measurement of the hydrological balance in the Val Masino catchment; -assessment of the suitability of the Traen and Stoddard (1995) nitrogen saturation model in alpine catchments characterised by specific climatic and geopedological features.
